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Introduction
Lipopolysaccharide	(LPS),	also	known	as	the	pyrogen,	resides	on	the	outer	membrane	of	the	Gram-

negative	bacteria	but	not	on	the	Gram-positive	bacteria.	Upon	injection	of	the	Gram-negative	bacteria

into	the	horseshoe	crab,	the	LPS	is	necessary	and	sufficient	to	trigger	the	degranulation	of	the	host

hemocytes,	which	subsequently	releases	the	intracellular	factors	to	kill	the	invader	effectively1.

Previous	study	demonstrated	that	the	intracellular	serine	proteases,	such	as	Factor	B,	pro-clotting

enzyme,	and	clotting	enzyme	can	activate	the	prophenoloxidase	activity	of	the	hemocyanin

(HMC/PPO)	to	phenoloxidase	(PO)2,3.	To	verify	that	the	microbial	extracellular	protease	could	activate

HMC/PPO	to	PO	and	further	mediate	the	antimicrobial	response	in	the	extracellular	milieu,	Gram-

positive	bacteria	which	lack	LPS	and	therefore	do	not	trigger	hemocyte	degranulation	are	used	in	the

in	vivo	antimicrobial	assay.	Being	ubiquitous	and	chemically	very	stable,	LPS	may	contaminate	the

Gram-positive	bacterial	culture.	In	order	to	avoid	the	interference	from	the	inadvertent	introduction	of

exogenous	LPS,	every	precaution	must	be	taken	to	prepare	the	Gram-positive	bacterial	culture	under

pyrogen-free	condition.

To	verify	the	pyrogen-free	status	of	the	Gram-positive	bacterial	culture,	we	incubate	the	culture	with

the	horseshoe	crab	hemocyte,	and	three	examinations	are	conducted:

(1)	morphological	observations	under	light	microscopy,

(2)	Factor	C	activity	assay	in	the	cell	free	hemolymph.	The	principle	of	this	test	is	that	under

physiological	condition,	Factor	C	resides	in	the	large	granules	of	the	hemocytes	in	a	zymogen	form.	It

is	only	released	into	the	cell	free	hemolymph	upon	hemocyte	exocytosis/degranulation	triggered	by

LPS1.	To	detect	Factor	C,	LPS	is	applied	to	convert	it	from	zymogen	to	active	serine	protease,	which

can	be	indicated	by	fluorescent	substrates.

(3)	Intact	hemocytes	sediment	at	the	bottom	of	the	test	tube	during	incubation.	The	principle	is	as

follows:	the	presence	of	LPS	causes	the	hemocytes	to	degranulate	and	no	intact	cells	would	settle	to

the	bottom	of	the	glass	tube,	thereby	presenting	a	translucent-to-clear	‘tube	bottom’.	In	contrast,	in

the	absence	of	LPS,	Gram-positive	bacteria	alone	will	not	cause	hemocyte	degranulation.	After

standing	incubation,	the	hemocytes	will	aggregate	into	a	dense	button	at	the	bottom	of	the
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borosilicate	tube.

Procedure
1.	 Prepare	culture	media	using	pyrogen-free	water,	in	depyrogenised	containers	which

have	been	previously	baked	at	200	°C	for	at	least	4	h.

2.	 After	sterilizing	the	media,	quantify	the	LPS,	if	any,	using	the	PyroGeneTM	Endotoxin

Diagnostic	Kit	(Cambrex	Inc.,	USA).

3.	 Only	use	the	media	for	Gram-positive	bacterial	culture	if	the	LPS	level	is	negligible

4.	 Upon	completion	of	the	Gram-positive	bacterial	culture,	again	measure	the	potential

presence	of	LPS	(in	case	of	its	inadvertent	introduction	during	the	harvesting	of	the

culture)	using	the	PyroGene	Kit.

5.	 Collect	hemolymph	from	the	horseshoe	crab	by	partial	bleeding	through	cardiac

puncture,	under	pyrogen-free	condition.

6.	 Incubate	the	culture	from	step	4	with	the	hemolymph	from	step	5,	at	room

temperature	for	20	min	on	borosilicate	glass	slide.	Examine	the	morphological

change	of	the	hemocytes	under	light	microscopy	for	their	inability	to	cause

degranulation	of	the	horseshoe	crab	hemocytes.	Pseudomonas	aeruginosa	is	used	as

an	LPS-positive	control,	which	degranulates	the	hemocytes.

7.	 Incubate	the	culture	from	step	4	with	the	hemolymph	from	step	5	at	room

temperature	for	90	min	in	borosilicate	glass	test	tube.	Then	observe	the	dense

button	of	hemocytes	formed	at	the	bottom	of	the	test	tube.	This	verifies	the	pyrogen-

free	Gram	positive	culture.

8.	 Collect	the	supernatant	from	the	upper	part	of	the	incubation	mixture	in	step	7.

Remove	residual	hemocytes	by	centrifuging	at	150	x	g	at	room	temperature	for	10

min.	Collect	the	supernatant	for	Factor	C	activity	assay,	to	double-confirm	the

pyrogen-free	status.
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9.	 Mix	10	μl	of	the	supernatant	(step	8)	with	90	μl	fluorescent	substrate	from	the

PyroGeneTM	Endotoxin	Diagnostic	Kit	(Cambrex	Inc.,	USA).	Monitor	the	fluorescence

emission	at	440	nm	upon	excitation	at	380	nm.	10	Add	10	μg/ml	LPS	to	the

supernatant	from	step	8	and	incubate	at	room	temperature	for	10	min	prior	to	the

Factor	C	assay	as	in	step	9.	This	is	to	activate	the	inactive	form	of	the	Factor	C	in

case	it	is	exocytosed	as	a	zymogen.	For	the	negative	control,	pyrogen-free	saline	is

used	in	place	of	bacteria.

Anticipated	Results
The	Gram-positive	bacteria	which	are	cultured	under	pyrogen-free	conditions	are	free	of	LPS

contamination,	as	verified	by	their	inability	to	cause	degranulation	of	the	horseshoe	crab	hemocytes.
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Figure	1
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Gram-positive	bacteria	do	not	cause	degranulation	of	the	horseshoe	crab	hemocytes.	(a)

Morphological	examination	of	hemocytes	in	contact	with	Gram-positive	bacterium	_S.

aureus_	and	Gram-negative	bacterium	_P.	aeruginosa_.	One	&#x3BC;l	hemolymph	was

applied	to	a	glass	slide	and	immediately	mixed	with	1	&#x3BC;l	of	10^7^	cfu/ml	bacteria

under	examination.	The	hemocytes	were	monitored	under	bright-field	with	Zeiss

fluorescence	microscope.	Time-lapse	microscopy	image	of	the	hemocytes	were	taken	at	30

s	intervals	for	20	min.	(b)	Factor	C	activity	was	assayed	to	indicate	whether	the	hemocytes

had	degranulated.	Samples	were	tested	with	and	without	LPS,	in	case	Factor	C	was

exocytosed	in	its	inactive	precursor	form.	The	histobars	show	dose-dependent	increase	in

the	fluorescent	product	formed	by	increasing	levels	of	LPS	which	activated	the	Factor	C.	The

inset	shows	that	after	incubation	with	_S.	aureus_,	hemocytes	aggregated	at	the	bottom	of

pyrogen-free	borosilicate	glass	tube	appearing	as	a	dense	button	of	cells.	In	contrast,	_P.

aeruginosa_,	a	Gram-negative	bacterium	with	LPS,	caused	hemocyte	degranulation,	thus,

the	absence	of	such	aggregation	of	hemocytes	as	they	were	degranulated.	Scale	bar,	10

&#x3BC;m	in	(a).	A	larger	version	of	this	image	can	be	found	here:	Figure	1.pdf
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